Background: More information is needed on the efficacy of carotenoids from plant foods in improving vitamin A status. Objective: We aimed to quantify the efficacy of provitamin A-rich vegetables and fruit in improving vitamin A status. Design: Breastfeeding women in 9 rural communes in Vietnam were randomly allocated to 1 of 4 groups: the vegetable group (n ҃ 73), which ingested 5.6 mg ␤-carotene/d from green leafy vegetables; the fruit group (n ҃ 69), which ingested 4.8 mg ␤-carotene/d from orange or yellow fruit; the retinol-rich group (n ҃ 70), which ingested 610 g retinol/d from animal foods and 0.6 mg ␤-carotene/d; and the control group (n ҃ 68), which ingested 0.4 mg ␤-carotene/d. Meals of groups 1, 2, and 4 contained 30 g retinol/d. Lunch and dinner were provided 6 d/wk for 10 wk. Results: Mean (95% CI) changes in serum retinol concentrations of the vegetable, fruit, retinol-rich, and control groups were 0.09 (0.03, 0.16), 0.13 (0.07, 0.19), 0.25 (0.17, 0.33), and 0.00 (Ҁ0.06, 0.06) mol/L, respectively. Mean (95% CI) changes in breast-milk retinol concentrations were 0.15 (0.04, 0.27), 0.15 (0.02, 0.28), 0.48 (0.32, 0.64), and Ҁ0.06 (Ҁ0.21, 0.09) mol/L, respectively. According to these findings, the equivalent of 1 g retinol would be 12 g ␤-carotene (95% CI: 8, 22 g) for fruit and 28 g ␤-carotene (17, 84 g) for green leafy vegetables. Thus, apparent mean vitamin A activity of carotenoids in fruit and in leafy vegetables was 50% (95% CI: 27%, 75%) and 21% (7%, 35%), respectively, of that assumed.
INTRODUCTION
Vitamin A deficiency continues to be an important public health problem in many developing countries (1, 2). It may be prevented by strategies that increase vitamin A intake, including pharmaceutical approaches and dietary approaches (including foods naturally rich in vitamin A or food whose vitamin A content has been increased through fortification, breeding, or genetic modification), and by public health approaches to reduce the need for high utilization of vitamin A. In developing countries, vegetables and fruit are estimated to provide Ȃ70 -80% of total vitamin A intake (3, 4) . Consumption of vegetables and fruit is promoted because they contain provitamin A carotenoids and other nutrients. Apart from being precursors of retinol, carotenoids may have distinct functions of their own in humans and animals that are based on their antioxidant capacities (5) .
One of the problems of relating the dietary intake of carotenoids to health status is that information on the bioavailability of carotenoids and their bioefficacy as a source of vitamin A is limited. Until the mid-1990s, it was assumed that consuming 6 g dietary ␤-carotene was equivalent to consuming 1 g retinol (3) , and thus the conversion ratio was considered to be 6:1. However, a study of breastfeeding women in Indonesia found no improvement in serum and breast-milk concentrations of retinol after feeding dark-green leafy vegetables and carrots (6) , and a subsequent study of anemic Indonesian schoolchildren found apparent ␤-carotene conversion factors of 12:1 and 26:1 in fruit and in leafy vegetables, respectively (7) . In 2001, on the basis of data from developed countries, the US Institute of Medicine revised its recommended conversion factors to 12:1 for dietary ␤-carotene and 24:1 for other carotenoids (8) . The International Vitamin A Consultative Group has adopted the Institute of Medicine's conversion factors but suggested that those factors should be even lower (reflecting lower bioefficacy, which is defined as the efficiency with which ingested dietary provitamin A carotenoids are first absorbed and then converted to retinol) in malnourished populations (9) . West et al (10) argued that the conversion factor for dietary ␤-carotene from a mixed diet (ratio of vegetables to fruit ҃ 4:1) may be closer to 21:1. Other investigators, by identification of signs specific to vitamin A deficiency (eg, night blindness) or by using stable-isotope methods, confirmed that the bioavailability and hence the bioefficacy of carotenoids from fruit and vegetables were lower than previously thought (11) (12) (13) (14) .
The study reported here was conducted in breastfeeding women in Vietnam; its design was similar to that of the study of Indonesian schoolchildren: to assess the bioefficacy of ␤-carotene provided by either fruit or vegetables and to compare it with the efficacy of ␤-carotene obtained from the consumption of retinol in retinol-rich foods. On the basis of this comparison, we estimated conversion factors.
SUBJECTS AND METHODS

Subjects
The study was carried out in 9 rural communes in the Pho Yen district, Thai Nguyen Province, Vietnam (Ȃ60 km from Hanoi) from April through August 1996. Communes are the lowest administrative unit in the country, and each consists of a few subcommunes or villages. By Vietnamese national standards, the inhabitants had a low or middle socioeconomic status. Rice is the staple food and the main constituent of the 3 meals that are commonly eaten each day (ie, breakfast, lunch, and dinner). Green vegetables are consumed frequently, but consumption of ripe yellow or orange fruit is low because those types of fruit are more expensive. At the time of the study, there was a local abundance of spring vegetables, but mangoes were imported because they were not yet in season. Breastfeeding is universally practiced, and the average duration of breastfeeding is 18 -20 mo. Many women return to physical labor 1 or 2 mo after delivery.
Using a power calculation based on the study of breastfeeding women in Indonesia (8), we estimated that 61 women per group would yield a 90% probability % of detecting a between-group difference of change in serum retinol concentrations of ͧ 0.20 mol/L (␣ ҃ 0.05). We decided to enroll 75 mothers per group, assuming that data on ͧ65 subjects would be available for analysis. Selection criteria for the study were anemia (a hemoglobin concentration 120 g/L), breastfeeding an infant aged 5-14 mo, and no chronic illness. Anemia was a selection criterion because anemic subjects are more likely to have a low vitamin A status, as measured by serum retinol concentration (6, 15, 16) , and hence their serum retinol concentration would be more likely to change in response to an increased dietary intake of vitamin A. Breastfeeding an infant aged 4 mo was a criterion because women in this area were eligible to receive a high-dose vitamin A capsule shortly (within 6 wk) after delivery, and a maximum age of 14 mo for breastfeeding was used to reduce the chance that these women would cease breastfeeding during the 10-wk intervention period.
The commune health centers had been asked to provide a list of all breastfeeding women in each commune and to specify the age of the infants. All women breastfeeding an infant aged 5-15 mo were invited to have their hemoglobin concentration measured by finger-prick (Hemocue, Angelhölm, Sweden). All those with a hemoglobin concentration 120 g/L were invited to participate in the study. Nine communes were included to obtain the 300 women required. The purpose and procedures of the study were explained to the women and their family members, and almost all of these women were willing to participate in the study.
All subjects provided written informed consent. The study was approved by the Ministry of Health and the Scientific and Medical Ethics Committee of The National Institute of Nutrition, Vietnam.
Assignment of treatment group
At each commune, selected participants were stratified by the age of their breastfed child and then randomly assigned to 1 of 4 experimental groups-vegetables (V), fruit (F), retinol-rich (R), and control (C)-by using alternating sequences (V, F, R, C, V, ѧ for one age group in a commune; F, R, C, V, F, ѧ for another age group in the commune; and so on). In that way, each commune also had nearly equal numbers of subjects in each treatment group. On each of 6 d/wk (Monday through Saturday) for 10 wk, the treatment groups received 2 meals (lunch and dinner) that differed in the amount and sources of retinol and provitamin A carotenoids. The vegetable group received provitamin A from leafy vegetables, the fruit group received provitamin A from yellow or orange fruit, the retinol-rich group received retinol-rich foods, and the control group received meals low in both provitamin A and retinol. To provide a complete meal to all groups, foods with high vitamin A content were replaced by foods with low vitamin A content. For example, the fruit group received carotene-rich fruit (eg, mango or papaya), low-carotene vegetables (eg, cabbage), and low-retinol foods (eg, pork). Meals contained sufficient fat to allow maximal absorption of carotenoids and retinol [minimum required amount is 3 g/meal (17) ]. The size of the side dishes was fixed, whereas rice consumption was ad libitum (on average, 450 rice/d was provided per woman). The local custom is that lunch and dinner are main meals, whereas a small dish of rice with fish sauce is consumed for breakfast. Provision of lunch and dinner to the participants allowed control of most of the variability in their vitamin A intake.
Interventions
Meal preparation and eating
To standardize meals and supervise consumption, meals were provided from central kitchens, one per subcommune. A total of 29 kitchens were established, each of which served Ȃ10 women under the supervision of cooks and a field team. At each kitchen, the meals were prepared by 2-3 volunteers who were members of the Women's Union (a structure that exists throughout Vietnam, through which women are organized at the local level to participate in community activities). Every 6 d, these volunteers were provided with recipes and lists of the amount of each food to be purchased, cleaned, and cooked per day. Foods not available at the local market, such as mangoes, were provided by the field team. After the foods had been cleaned, the cooks weighed and divided them in half: one half was to be prepared for lunch and the other half for dinner. Each woman was allocated a seat in the dining room to ensure that she received the correct meal. Lunch was served at 1200 and dinner was served between 1700 and 1900. Participants and family members were informed thoroughly about the importance of consuming all of the side dishes. The cooks kept a record of attendance and recorded the foods left over after each meal, excluding rice. The women were asked what they ate for breakfast each day and for their meals on Sunday.
Measurements
On the day before the first meal and on the day after the last meal (10 wk after start of the intervention), women were examined medically, a venous blood sample was drawn, and a breastmilk sample was collected. Blood (6 mL) was collected from an antecubital vein between 0730 and 0930, placed on ice, and protected from light. Breast milk was collected between 0800 and 1100 from one breast, which had not been used to feed the child in the previous hour. Milk was collected with a breast-milk pump, stored in dark-brown glass bottles, and transported on ice to the laboratory, which was located 5-6 km from the communities studied. Food-consumption data (24-h recalls and double portions) and stool samples were collected, and anthropometric measurements were made. Weight was measured to the nearest 0.1 kg while the women were wearing light clothing with the use of a SECA BEAM scale (Seca Corporation, Hanover, MD); height was measured to the nearest 0.1 cm with the use of a wall-mounted stadiometer (Seca Corporation). Foodconsumption data were collected weekly during the intervention period. On the day after consumption of the last meal, all women also received 30 iron tablets (60 mg Fe/tablet), 1 of which was to be consumed each day for the next 30 d. Those who were infected by hookworm as assessed by stool examination of stool at baseline were given a single dose of albendazole (400 mg), which was taken in the presence of a member of the study team.
Analyses
Breast milk
Immediately upon arrival at the nearby laboratory, breast milk was stored at Ҁ20°C for Ȃ3 wk, and then it was sent in dry ice to the laboratory of the Division of Human Nutrition and Epidemiology, Wageningen University, where the samples were stored at Ҁ80°C until analysis of retinol and carotenoids. The samples were prepared for HPLC analysis under subdued yellow light. To 1000 L milk, 125 L ammonia (25% wt:vol) and 1000 L ethanol (96% by vol) were added. The mixture was extracted twice with 4 mL of a mixture of petroleum ether (boiling point: 40 -60°C) and diethylether (1:1 by vol). The upper layers were removed, pooled, and evaporated under nitrogen at 35°C until they reached near-dryness. The residue was saponified for 3 h in the dark with 1.5 mL of 5% (wt:vol) potassium hydroxide in ethanol (96% by vol); after the addition of 1.5 mL water, the compounds were extracted twice with 3.0 mL hexane. The hexane layers were pooled and evaporated to dryness under nitrogen; the residue was dissolved in a 250-L mixture of methanol and tetrahydrofuran (3:1 by vol), and 25 L was injected for HPLC analysis. Separations were monitored at 320 nm (retinol) and 450 nm (carotenoids). Within-and between-run CVs were 6.0% and 1.5% for retinol and 3.8% and 5.4% for ␤-carotene, respectively. Mean (ȀSD) recoveries (n ҃ 10) were 101 Ȁ 6% for retinol and 103 Ȁ 4% for ␤-carotene.
Blood
For baseline and evaluation assessment, hemoglobin concentrations were measured by using the cyanmethemoglobin method (Merkotest, Merck, Darmstadt, Germany), and hematocrit was measured by using a centrifuge method. The remaining blood was centrifuged (1200 ҂ g for 15 min at room temperature), and serum was frozen for subsequent shipping in dry ice for analysis of retinol and carotenoid concentrations (18) at the laboratory of the Division of Human Nutrition and Epidemiology. To 500 L serum, 500 L sodium chloride (0.9% wt:vol in water) and 1000 L ethanol (containing retinyl acetate as an internal standard) were added; next, they were extracted twice with 2.0 mL hexane. The hexane layers were pooled and evaporated to dryness under nitrogen at 35°C. The residue was dissolved in a 250-L mixture of methanol and tetrahydrofuran (3:1 by vol), and 25 L was injected for HPLC analysis. Separations were monitored at 320 nm (retinol) and 450 nm (carotenoids). All sample preparations were done under subdued yellow light. Within-and between-run CVs were 1.6% and 1.9% for retinol, 3.4% and 8.2% for ␤-carotene, 4.6% and 7.0% for ␣-carotene, 3.6% and 11.4% for ␤-cryptoxanthin, 4.1% and 6.6% for lutein, and 9.6% and 9.3% for zeaxanthin, respectively.
Feces
Stool samples were examined for the presence of worm eggs by a parasitologist using the Ridley method. The load of worm eggs was quantified by using the Kato-Katz method (19) .
Duplicate food portions
Duplicate samples of the meals, without rice, were collected on 2 occasions (week 2 and week 9 of the intervention). On each occasion, portions were collected for analysis over 3 consecutive days, which corresponded to the 3-d menu cycle. Duplicate samples of the meals were pooled per treatment group per 3 consecutive days, frozen at Ҁ20°C, and later shipped (in dry ice) to the Division of Human Nutrition and Epidemiology for analyses of fat, protein, dietary fiber, ash, dry matter, iron, retinol, and carotenoids (20, 21) . Carbohydrate content was calculated by the difference from the analyzed content of the above substances. For analysis of retinol and carotenoids, samples were homogenized and extracted with tetrahydrofuran, and the volume of the solvent was reduced to near-dryness. The residue was saponified overnight at room temperature with 25 mL of 5% (wt:vol) potassium hydroxide in methanol. Dichloromethane (100 mL) and water (75 mL) were added, and, after removal of the upper water layer, the lower dichloromethane layer was washed with water until the pH was 9.5. The dichloromethane layer was then evaporated to dryness, and the residue was dissolved in methanol:tetrahydrofuran (3:1, by vol) and analyzed by HPLC. The results were averaged per treatment group.
Nutrient intake
The Vietnamese food composition table was used to calculate the nutrient intake other than from the meals provided (except carotene content) on the basis of the 24-h recall data collected once a week (22) . For some fruit and vegetables, the data on carotene content were taken from the results of analysis done at Wageningen University (20) ; for other fruit and vegetables, the data were taken from the table with the most recent data on the carotene content of food in developing countries (23) . Nutrient intake was then calculated at the Institute of Nutrition (Hanoi, Vietnam) by using FOXPRO software (version 2.5; Cambria, Palo Alto, CA).
Statistical analysis and estimation of conversion factors
Descriptive data are reported as means and SDs for normally distributed parameters and as medians and 25th and 75th percentiles for nonnormally distributed parameters. Nutrient intake during the intervention period other than that from the foods provided was calculated from the median intake of each woman as assessed by weekly 24-h recall data. The effect of consumption of a diet rich in vegetables, fruit, or retinol was assessed by comparing serum and breast-milk indicators of vitamin A and carotenoid status measured at 10 wk with the values measured at 10 wk in women consuming the control diet. Distributions of serum indicators were normalized by log transformation before analysis in a multivariate linear regression model. For each indicator, we used multivariate regression to adjust for stratification factors (ie, age of the child and community of residence) and to investigate potential confounding effects due to differences between groups in baseline characteristics (ie, serum indicator concentration at baseline or infection with Ascaris lumbricoides, Trichuris trichiura, or hookworm), whether significant or not. Because adjustment did not substantially affect the estimates of effect, we present changes and effects adjusted only for the baseline concentration of the indicator. Bonferroni's adjustment was used for multiple comparisons, and the changes in normally distributed, log-transformed variables in serum and of breast-milk retinol are expressed relative to those value in the control group to ascertain the magnitude of the difference. When log transformation did not result in normally distributed values, we compared absolute within-group changes between baseline and 10 wk in serum and breast-milk indicators by using the Kruskal-Wallis test for 2 groups and then the MannWhitney U test (pairwise comparison) with Bonferroni correction. Wilcoxon's signed-rank test was then used to examine the significance of within-group changes.
The conversion factor (x) for calculating the amount of retinol equivalents provided by provitamin A carotenoids from fruit was derived from the following formula (9) The conversion factor for vegetables was obtained similarly.
Upper and lower limits of the 95% CI for conversion factor x were estimated by using the limits of the 95% CIs for the changes in serum concentrations in the respective treatment groups. We used SPSS for WINDOWS software (version 11.5.1; SPSS Inc, Chicago, IL) for all statistical calculations.
RESULTS
Subjects
Of 1512 women who were screened, 298 met our inclusion criteria. Of the 298 breastfeeding women who were randomly assigned, 280 (93.9%) completed the 10-wk intervention. One woman refused further participation during the intervention, 2 women moved away from the study area, 6 women became pregnant, 2 women were sick when follow-up data were collected, 1 woman lost her child, and 6 women refused to give blood at follow-up. Further details are provided in Figure 1 . At baseline, the demographic, anthropometric, biochemical, and parasitologic characteristics of the women did not differ significantly between groups (Table 1). FIGURE 1. Selection and retention of subjects in the study. Hb, hemoglobin.
Food consumption and nutrient intake
The record of attendance and leftovers indicated that the proportion of the provided fruit consumed by the fruit group was 96% (95% CI: 92%, 100%), the proportion of the provided vegetables consumed by the vegetable group was 94% (91%, 97%), and the proportion of the provided retinol-rich foods consumed by the retinol-rich group was 98% (96%, 100%). Food eaten apart from that provided by the intervention was mainly breakfast, which generally contained 1-2 bowls of rice (60 -120 g rice) with either fish sauce or tofu. The vitamin A content, largely provitamin A carotenoids, of the foods eaten apart from those provided was very small and did not differ significantly between groups, and therefore it was not considered in subsequent analyses. Energy and nutrient intakes during the intervention, including the intakes from the food provided, are shown in Table 2 . The high energy intake is largely due to high consumption of rice among breastfeeding women in the study area, which is related to the belief that greater consumption of rice increases breast-milk production. The meals provided 5.6 mg ␤-carotene equivalent plus 27 g retinol for the vegetable group, 4.8 mg ␤-carotene equivalent plus 15 g retinol for the fruit group, 0.6 mg ␤-carotene equivalent plus 610 g retinol for the retinol-rich group, and 0.4 mg ␤-carotene equivalent plus 1 g retinol for the control group. The dietary fiber content in food provided was 10 g in the vegetable and fruit groups and 7 g in the retinol-rich and control groups (data not shown). The intakes of fat, protein, and carbohydrates did not differ significantly between the 4 groups, but iron intake was slightly but significantly higher in the retinol-rich group. Fat intake contributed 16% of energy intake, and the intake of Ȃ50 g/d was sufficient to allow maximum absorption of carotenoids and retinol.
Effects of interventions on serum indicators of vitamin A status
Each group's serum concentrations of retinol and carotenoids at baseline and after the intervention are shown in Table 3 . The only significant difference in serum concentrations of retinol and carotenoids at baseline between groups was the significantly (P 0.001) higher concentration of ␤-cryptoxanthin in the vegetable group. At the end of follow-up, serum concentrations of retinol were 24% higher in the retinol-rich group and 10% and 12% higher in the vegetable and fruit group, respectively, than in the control group (see Table 3 ). The serum concentrations of ␤-cryptoxanthin increased significantly (P 0.05) more in the fruit group than in the control group; the difference between the increase in the retinol-rich and control groups was small but significant. Moreover, significantly (P 0.05 for all) greater increases than in the control group were found in the serum concentrations at 10 wk and after correction for baseline values for all-trans-␤-carotene in all 3 groups, for cis-␤-carotene in the fruit group, for ␣-carotene in the vegetable and fruit groups, for zeaxanthin in the fruit and retinol-rich groups, and for lutein in the vegetable group. It should be noted that most concentrations decreased during the intervention period, particularly in the control group.
Estimation of apparent conversion factors
The absolute change in serum retinol concentrations is shown in Table 3 . To estimate the apparent conversion factor, this change and the intake of ␤-carotene equivalents and of retinol (see Table 2 ) were used. The estimation is based on the assumption that the ratio of the intake of retinol equivalents derived from different sources to the change in serum concentration of retinol is constant. Because the concentration of retinol had not changed over the intervention period in the control group, and because the amount of provitamin A carotenoids and retinol from consumed foods other than foods provided was almost negligible, we could use the formula given in the Methods section to estimate the conversion factor for ␤-carotene to retinol. Thus, we estimated that 28 g ␤-carotene (95% CI: 17, 84 g) from dark-green leafy vegetables or 12 g ␤-carotene (95% CI: 8, 22 g) from fruit provides the equivalent of 1 g retinol. In other words, the apparent mean vitamin A activity of carotenoids in fruit was 50% (95% CI: 27%, 75%) and that in leafy vegetables was 21% (7%, 35%) of that assumed.
Effects of the intervention on breast-milk indicators of vitamin A status
Breast-milk concentrations of retinol and carotenoids in each group at baseline and 10 wk after the start of the interventions are shown in Table 4 . After the intervention, breastmilk retinol concentrations were 1.4, 1.3, and nearly 2.0 times as high in the fruit, vegetable, and retinol-rich groups, respectively, as they were in the control group. At 10 wk, the breastmilk ␤-carotene concentrations in the control group were significantly lower than at baseline. The breast-milk ␤-carotene concentrations at 10 wk were lowest in the control group, somewhat higher than that in the retinol-rich group, higher still in the vegetable group, and highest in the fruit group. Breast-milk lutein concentrations remained the same in the vegetable group and decreased less in the retinol-rich than in the fruit and control groups; ␤-cryptoxanthin concentration increased in the fruit group but decreased the most in the control group; and zeaxanthin decreased in all 4 groups.
DISCUSSION
According to our findings, an appropriate estimation would be that 12 g ␤-carotene (95% CI: 8, 22 g) from fruit and 28 g ␤-carotene (95% CI: 17, 84 g) from dark-green leafy vegetables is equivalent to 1 g retinol for ratios of 12:1 and 28:1, respectively, rather than the previously assumed ratio of 6:1 for all dietary ␤-carotene (3). The results of the current study agree highly with those of the study in Indonesian schoolchildren by de Pee et al (7), who found apparent onversion factors of 12:1 for fruit and 26:1 for vegetables, and were part of the evidence on which West et al (10) based their proposed conversion factor for dietary ␤-carotene from a mixed diet (ratio of vegetables to fruit ҃ 4:1) of 21:1.
Our method of estimating the apparent conversion factors is based on changes in serum retinol concentration in humans after consumption of ␤-carotene and retinol-rich food, which appears appropriate, at least for the current study and that in Indonesia (7). The main reason that this method appears to be appropriate is that the largest change in serum retinol concentration occurred in the retinol-rich group (the positive control group), which indicated that the serum retinol concentration at baseline was suboptimal. Therefore, and because the increase in serum retinol in the vegetable group was smaller than that in the fruit group, that measurement proved to be a good quantitative indicator of improvement in vitamin A status. Another reason that this method appears to be appropriate is that the findings do not differ significantly between this study and the study from Indonesia (7) or from findings from more recent studies that used stable-isotope techniques. Tang et al reported conversion factors of 27:1 for dark-green leafy vegetables (11) and 20.9:1 for pureed spinach 1 Values were summed of nutrients from foods provided (analyzed) and intake of nutrients from foods besides foods provided, calculated from food-composition tables. Rice provided was estimated at 450 g/d for all subjects. Macronutrient intake did not differ significantly between the 4 groups. Micronutrient intakes (retinol, carotenoids, iron, and vitamin C) differed according to the design of the study. Values in a row with different superscript letters are significantly different (Kruskal-Wallis test for multiple comparisons); if P 0.05, Mann-Whitney U test for 2 comparisons was also used, with Bonferroni correction for multiple comparisons.
2 Median; 25th-75th percentiles in parentheses (all such values).
P 0.001 (Kruskall-Wallis test). 4 Mean (of 2 analyses of pooled samples) (all such values).
Values obtained from analysis of the meal provided, because foods consumed besides food provided had very low retinol and carotenoid content. No range or significance of differences is reported.
and 14.8:1 for carrots (14) . The first study was conducted among Chinese children and the latter among healthy adults in the United States. A study by Haskell et al (12) in Bangladeshi men used the deuterated-retinol-dilution (DRD) technique and found factors of 13:1 for fruit and 10:1 for spinach. The difference between the conversion factor found in the latter study and the conversion factors in studies in Indonesia and Vietnam or those reported by Tang et al may be related to one of several factors. Those factors include the food preparation techniques used-ie, variations in the extent of matrix destruction-(24 -26), variations in the presence and intensity of helminthes infestationbecause the Bangladeshi men underwent deworming, but the Indonesian children and the Vietnamese women did not- (27, 28) , the other foods in the meal that may contain fewer or more enhancers or inhibitors of absorption-eg, fat, cellulose, and pectin- (17, 29, 30) , and, probably, the particular variety of vegetable-ie, the kind of matrix. Although we used changes in the serum retinol concentration for our comparisons, the question could be asked as to whether changes in the breast-milk retinol concentration could also be used to compare the bioefficacy of carotenoids from vegetables or fruit with that of carotenoids from retinol-rich foods. The relative changes in the retinol concentration in breast milk were much greater than those in all 3 groups compared with the control group (12) . The large breast-milk retinol response suggests an important benefit for the breastfed child, especially when the mother increases her consumption of retinol-rich food. However, less is known about how the retinol concentration in breast milk is regulated, and the findings of the present study in Vietnam and the study in Indonesia also do not identify the breast-milk retinol concentration as a better quantitative indicator of changes of a woman's vitamin A status than her serum retinol concentration. The changes of breast milk carotenoid concentrations also are not parallel to those in serum. The concentration of lutein remained stable in the vegetable group, whereas it decreased in the other groups, and that of ␤-cryptoxanthin increased in the fruit group; however, the change in the ␤-carotene concentrations in breast 1 ⌬, change. Values in a row with different superscript letters are significantly different, P 0.05. For normally distributed parameters, which had been log transformed, linear regression was used after control for baseline values, and a Bonferroni adjustment was made because of multiple comparisons. For nonnormally distributed variables, a comparison among groups of the absolute difference between baseline and 10-wk values used the Kruskal-Wallis test (multiple comparisons); if P 0.05, the Mann-Whitney U test (2 comparisons) with Bonferroni correction for multiple comparisons was also used.
2 Geometric x ; 95% CI in parentheses (all such values). 3 P 0.001 (overall F test for normally distributed parameters and Kruskall-Wallis test for nonnormally distributed parameters). 4 Differences between groups were not tested, because 10-wk values were compared after control for baseline values (see the 10-wk values above). 5 Proportional difference in values measured at 10 wk in each group relative to values measured at 10 wk in the control group, as derived by exponentiation of effect estimates in a linear regression model with log-transformed values of the serum indicator. Thus, 1.10 represents a 10% greater increase and 2.00 represents a 100% greater increase in the particular serum concentration than was observed in the control group.
6 Median; 25th-75th percentiles in parentheses (all such values). [7] [8] [9] Significant difference between baseline and 10-wk concentrations within the treatment group for nonnormally distributed parameters (Wilcoxon signed-rank test):
7 P 0.01, 8 P 0.001, 9 P 0.05. milk in both groups, as compared with that in the control group, was much smaller than that observed in serum. Another functional indicator of vitamin A status is night blindness, which is the first sign of vitamin A deficiency. Haskell et al (13) found that changes in serum retinol concentrations in pregnant Nepali women with night blindness differed by group, depending on the specific dietary or pharmaceutical source of the vitamin A the group received. However, the reduction in the prevalence of night blindness was substantial (and not significantly different) in all groups that received a form of vitamin A (13). This finding highlights an important issue-that of whether we are interested in conversion factors for estimating adequacy of vitamin A intake or for assessing whether a particular diet can reduce the severity of disorders that are due to vitamin A deficiency.
The estimation of conversion factors serves the purposes of allowing the calculation of how much vitamin A can be obtained from a particular diet or from specific foods, the assessment of the extent to which the needs for vitamin A of most of a particular target group are likely to be met, and the determination of the relative importance of different dietary and pharmaceutical sources of vitamin A. Because the estimates of the conversion factors obtained from several recent studies, including the present study, are similar and consistent (7, 11, 12, 14) , it is clear that values previously reported (6:1 for ␤-carotene and 12:1 for other provitamin A carotenoids) overestimate the vitamin A equivalency of plant foods. Thus, green, yellow, orange, and red fruit and vegetables, when consumed in normal quantities, provide an amount of vitamin A that may be enough to overcome night blindness or to reduce the increased risk of morbidity and mortality. However, these foods alone cannot meet the recommended daily allowance for vitamin A of most persons in a population, and, therefore, they should be part of a strategy including additional interventions to control vitamin A deficiency and its disorders, eg, increased intakes of animal source foods and fortified foods, and supplementation for specific target groups.
In conclusion, this study found apparent conversion factors for ␤-carotene to retinol of 12:1 (95% CI: 8, 22) for fruit and 28:1 (95% CI: 17, 84) for green leafy vegetables, a finding that is similar to findings of other recent studies and that supports the conversion factor of 21:1 for dietary ␤-carotene from a mixed diet that was proposed by West et al (10) . Further research should focus on quantifying the effects of parasitic infection and various food matrices on the bioefficacy of ␤-carotene, on assessing interindividual variations in response to intake of dietary provitamin A carotenoids, and on estimating the absorption of different carotenoids.
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